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ABSTRACT

The purpose of this study was to investigate theaming, anti-bacterial, and anti-inflammatory eéfts of a hot
water extract of Duchesnea indica (DIW). The amfing properties of this extract were assessed disedastase,
1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging2-azinobis 3-ethylbenzothiazoline-6-sulfonic ackiBTS)
scavenging, and pigmentation activities. We alsgedtigated the anti-inflammatory potential of DIW i
lipopolysaccharide-stimulated RAW 264.7 macrophegiés. DIW possessed high elastase inhibitory, BitPPH
and ABTS radical scavenging activities € 35.1, 19.2, and 84.0 pg/mL, respectively). Werdened the anti-
bacterial activities of DIW using minimum inhibijorconcentration (MIC) values. DIW showed excellent
antibacterial activities against drug-susceptibleda-resistant skin pathogens such as Propioni baste acnes,
Staphylococcus epidermidis, and Staphylococcusuaureiith MICs ranging from 78.1 to 125@/mL. DIW
significantly stimulated melanin synthesis of Blduse melanoma cells, and inhibited nitric oxidetlsgais of RAW
264.7 macrophage cells, in a concentration-depehdesmner. DIW also effectively attenuated expressibthe
inflammation-mediating enzyme, inducible nitricdeisynthase, at the protein level in a concentratiependent
manner. The high-performance liquid chromatografihgerprint of DIW indicated the presence of quércand
kaempferol at 25.3 and 12.@/mL, respectively. To evaluate the safety of Dh&,human skin primary irritation
test was performed on normal skin (upper back) bfv8lunteers to determine if any constituent presgran
irritation or sensitization potential. DIW did natduce any adverse reactions at 1@/mL. Taken together, our
results suggest that DIW may be considered as @raging and anti-inflammatory candidate for cosmefical
applications.

Keywords: Anti-aging, Duchesnea indicaHPLC fingerprint, human skin primary irritatioests, inflammation,
minimum inhibitory concentration

INTRODUCTION

Skin is an important barrier that protects the bfsdyn damage due to direct contact with the outsideironment
including a broad spectrum of physical (ultravigl@V) radiation) and chemical (xenobiotic) agemtattare capable
of altering its structure and function [1]. Manywé&nnmental pollutants catalyze the productionedative oxygen
species (ROS) directly or indirectly, acting asl-s@naling molecules. These ROS ultimately reaith iDNA,
proteins, and lipids causing oxidative damage,ugigng regulatory pathways, and altering the défdiation,
proliferation, and apoptosis of skin cells [2-3]h&/eas, the skin possesses a number of defenseamuok that
interact with environmental pollutants to neutraltheir deleterious effects. These defense meahanidude non-
enzymatic and enzymatic molecules that functiorpatent antioxidant or oxidant-degrading systemg][1For
screening antioxidants, the methods based on #esiatgtively stable reagent such as DPPHe and ABTi&ave
most popular, because of their simple set-up asé e control [5-6]. For example, degradation afséh, due to
elastase secretion and activation upon exposutéwvtdight or ROS, is a major cause of loss of skamd and
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elasticity, resulting in visible signs such as Wiling and sagging [7]. Thus, an approach that iithielastase
activity could be applied as a useful strategyrtutgrt against skin aging[6,8].

Another important issue besides skin aging is ghgmentation, which impacts the health and welhgeof an
individual significantly. Pigments, such as melarsgnthesized by cutaneous melanocytes protecintieidual
from various environmental pollutants that can dgeneells and cause cancer and skin aging. Melanieffective
scavenger of free radicals, effectively absorbslightt penetrating the skin and prevents conseqD& damage.
A deficiency of epidermal melanin increases susb#ipy to skin cancers, and is an indicator ofrskiging [9-10].

Acne vulgaris, a common inflammatory skin dise&seJso a very concerning condition and is attelduio multiple
factors, such as inflammatory processes and tHéeuation of skin pathogens within follicles. Thadespread use
of antibiotics in acne vulgaris has resulted in ¢éimeergence of multi-drug-resistant pathogens thatregatively
impact human skin health through an increased émud of treatment failure and more severe disebsd 7).
Therefore, many researchers are increasingly tgrtieir attention to alternative medicines to depebetter
treatments against drug-resistant pathogens alzadrinfatory events.

Recently, medicinal plants and their natural cdustits have received positive attention for sevemsmetic
applications; e.g., hair depigmentation throughogymase inactivation and the subsequent inhibiGbrmelanin
synthesis, anti-aging by elastase inhibition, skijnvenation by antioxidant mechanisms, and théitibn of skin
pathogen growth and chronic inflammation therebyidishing skin disease [13]. There exist severabrts on the
ability of medicinal plants and their active ingwets, either singly or in combination, to serve casmetic
ingredients. Examples include quercetin, naringem@emarinic acid, and nobiletin for hair depignagitn [9, 14-
16], cocoa podAstilbechinensisand Areca catechuextracts for anti-aging [17-19Frunuspadusextract and
curcumin for protecting against free radical dam2@21], andNeolitseasericeaCryptomeria japonica and
Abieskoreanaessential oils for anti-acne activity [22-24]. Bdson our interest in characterizing the bioactive
secondary metabolites from Jeju medicinal plantgpfrsonal care uses, we have undertaken biologiudles of
the water extract dduchesnea indicéor cosmetic applications.

MATERIALS AND METHODS

Material preparation

D.indicaplants were collected in July 2015 by the Tamnaramg@any (Jeju-do, Korea) from Jeju Island. A voucher
specimen (CSC-2015-006) has been deposited at dsen€ic Sciences Center, Department of Chemistdy an
Cosmetics, Jeju National University. Prior to estien, D. Indica plants were thoroughly washed, dried at room
temperature for 2 weeks, and pulverized. The dbebhdica (400 g) was extracted with distilled water at@@or 4

h and then dried using a rotary evaporator. Thisaek named DIW, yielded 92.4g (23.1% by weight).

Radical scavenging assays

The DPPH radical scavenging activity of DIW wasedetined according to the method of Ikram et al],J&5ng
minor modifications. Briefly, 18@L of DPPH (0.2 mM in ethanol) was added to @0 of DIW solutions(10 to
1000pg/mL) and reacted in the dark at 25°C for 10 mihe Bbsorbance of the sample (4hsJ, and a negative
control (Absono) consisting of only distilled water, was measumd517 nm using a microplate reader. The
absorbance values were converted into percentagmalacavenging activity by using the followinguagjon:

DPPH scavenging activity = [(ABSirol - ADS;ampid/ ADScontro] * 100

The radical scavenging activity of DIW was alsoetletined using ABTS according to the method of Ikram
al.[25],using minor modifications. Briefly, 7.0 mMBTS (in 2.45 mM potassium persulfate) was actidate the
dark at 25°C for 16 h. The ABTS solution was dituteith ethanol to achieve a working solution with a
absorbance at 700 nm of 0.78 £ 0.02. Thep26f DIW solutions (10 to 1,00Qg/mL) were added to 180 of
the working solution, reacted in the dark at 256€¥5 min, and the absorbance of the sample andat¢athanol
only) were measured. The absorbance values weneerded into percentage radical scavenging activityusing
the following equation:

ABTS radical scavenging activity (%) = [(ARSrol - AbSsampid/AbScontrol * 100.
Tyrosinase assay
The activation of mushroom tyrosinase by DIW wagsedsined using a method presented in the literature

previously as an inhibition assay, with some madiibns [26]. Briefly, mushroom tyrosinase (2500ts/mL, 5
pL) and L-tyrosine (70uL) were added to 105 pL piade buffer (0.1 M, pH 6.8) containing DIW (20 pDhe
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test mixture (200 pL) was reacted for 10 ~ 15 ntiB&C,and absorbance from the formation of dopaitie was
measured at 480 nm with a microplate reader. Simiféxtures without DIW, and a solution of arbutin
(hydroquinone-G3-glucopyranoside), were used as negative and pesitintrols, respectively. Each treatment was
carried out three times. The percentage activaifdyrosinase was calculated using the followingagpn:

activation(%) = [1 - (AbSmple- ADSyiank)/AbSonol * 100 where, Al is the absorbance of the blank.

Elastase inhibition assay

The inhibition of porcine pancreatic elastase #gtiby DIW was determined using an enzymatic caotiric
method with N-succ-(algp-nitroanilide as the substrate. Briefly, porcpencreatic elastase (0.1 mg/mL, 13 uL)
and N-succ-(ala)p-nitroanilide (6.25 mM, 10 umL) were mixed witBZLuL Tris-hydrochloride buffer (0.2 M, pH
8) containing DIW (20 uL). The test mixture (200)wkas reacted for 15 min at 25°C and absorbanaa fhe
formation ofp-nitroaniline was measured at 405 nm with a miatpkeader. A similar mixture without DIW was
used as the control. Each treatment was carriethoes times, and the percentage inhibition oftatssactivity was
calculated using the following equation:

inhibition (%) = [1 - (AbSampie- AbSan/AbSontio] X 100.

Microorganisms and minimum inhibitory concentration determinations

Microorganisms were obtained from the Culture Guitn of Antimicrobial Resistant Microbes (CCARMe@&ul,
Korea). Propioni bacterium acneJCCARM 0081, CCARM 9009, CCARM 9010, and CCARM 908
Staphylococcus epidermidigCCARM 3709, CCARM 3710, and CCARM 3711], anS8taphylococcus
aureu$CCARM 3032, CCARM 3926, and CCARM 3842], that arell-known to cause acne, were chosen as test
microorganisms according to their pathological citgaPropioni bacteriunstrains were incubated at 37°C for 48 h
in Gifu anaerobic agar medium (Nissui Pharmacel,tibakyo, Japan) under anaerobic conditions. Otfamteria
were incubated at 37°C for 24 h in Tryptic soy agedium (Difco, Bordeaux, France) under aerobicd@@mms
before implementing the assay. The antimicrobitivdies of DIW against skin pathogenB. @cnes, S. epidermidis,
and S. aureuswere determined via the broth dilution methode Thinimum inhibitory concentration (MIC) was
determined as the lowest concentration of test Emesulting in complete inhibition of bacteriabgth by the
optical density that was measured spectrophotocadliriat 600 nm after 48( acnespr24h §. epidermidigndsS.
aureug of incubation.

Melanin content assay

The murine B16F10 melanoma cell line was obtaimechfthe American Type Culture Collection (Manas3as,
USA). Cells were grown at 37°C in a humidified aspbere containing 5% GOn RPMI 1640 medium
supplemented with 10% heat-inactivated fetal bowerum (GIBCO, Grand Island, NY, USA), 2 mM glutami
1% non-essential amino acids (100x), and 1% sogiymvate (complete RPMI).B16F10 cells (2.0 /i) were
seeded into a plate with medium, and stimulatedh witmelanocyte-stimulating hormone (500 nM). Cells aver
incubated with DIW (50, 100, and 20@/mL) at 37°C for 72 h, then washed in ice-cold gtaate-buffered saline.
Washed cells were incubated at 80°Cfor 1 h in 1ahll. N NaOH/10% dimethyl sulfoxide and then vortéxe
solubilize the melanin. The absorbance of the tiegukolution was measured at 450 nm. Melanin adnieas
determined based on absorbance/pg of protein iextract from each treatment. The protein concéatraof the
cells was determined using a Bio-Rad protein akgaiBio-Rad, Hercules, CA, USA) with bovine serwaibumin
as the standard.

Nitric oxide production

RAW264.7 cells, a murine macrophage-like cell lweye obtained from the Korean Cell Line Bank (Seikarea).
Cells were maintained in a Dulbecco's modified Esgmedium supplemented with 10% heat-inactivaetdl f
bovine serum (GIBCO) and 1% penicillin at 37°C ilm@midified 5% CQ incubator. The cells were subcultured
every 3days. Nitric oxide (NO) production in the R264.7 cell culture supernatant was determinedeasribed
previously [22-24] using the Griess reaction [Biiefly, RAW 264.7 cells (1.5xT0well) were plated in 24-well
plates and incubated with different concentratiohBIW (12.5, 25, 50, 100, 200, and 40@/mL) and 1ug/mL of
LPS for 24 h. Cell culture medium (100 pL) was ndixgith 100uL of Griess reagent (1% sulfanilamide and 0.1%
naphthylethylenediaminedihydrochloride in 2.5% pitagic acid). The mixture was then incubated atnroo
temperature for 10 min and the absorbance at 54@&asnmeasured in a microplate reader. Fresh cuth@dium
was employed as a blank in every experiment. Tlatify of nitrite was determined from a sodiumitétistandard
curve.

Cell viability
Cytotoxicity induced by DIW was analyzed by the435¢dimethylthiazol-2-yl)-2,5-diphenyltetra-zoliumdmide
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(MTT) assay. This assay is based on the reductiddTor to formazan by mitochondrial dehydrogenadedw
264.7 cells (1.5 xTwell) were plated into 96-well plates containingllBecco’s modified Eagle’s medium and
incubated overnight. Cells were then treated witSland various concentrations of DIW, followed bgubation
for 24 h at 37°C. The MTT reagent (0.5 mg/mL) (SégAddrich, St. Louis, MO, USA) was added to the imed
and incubated for an additional 4 h. Cell-free soatants were then removed and cells extracted DAMISO. The
extent of MTT reduction to formazan was determibgdmeasuring the absorbance at 540 nm using a phéteo
reader.

Western blot analyses

RAW 264.7 cells (1.0 x Powell) were preincubated in a 60-mm petri dish inaamosphere of 5% G@t 37°C for
18 h. After removal of the culture medium, the €@&llere incubated in medium with different concetidres of DIW
(25, 50, 100, and 200g/mL) and 1ug/mL of LPS for 24 h. The cells were then collectetl washed twice with
cold phosphate buffered saline. Cell lysates werdrifuged and protein concentrations determinéagus Bio-Rad
protein assay kitwith bovine serum albumin as ttamdard. Protein (30—4Qg) was applied to a 10% sodium
dodecyl sulfate-polyacrylamide gel and transfermwto a polyvinylidene fluoride membrane for 2 h.eTh
membranes were blocked with 5% skim milk in Trigfered saline containing Tween-20 aC4overnight and then
incubated with an anti-mouse iINOS antibody (1:108énta Cruz Biotechnology, Santa Cruz, CA, USA)Xdr at
room temperature. The membranes were then washed times and incubated with a horseradish peregida
conjugated goat anti-mouse IgG secondary antib&ad3000; Vector Laboratories, Burlingame, CA, USAj 1 h.
Protein bands were visualized using an enhancerthitthminescence western blotting detection kit (Astem
Biosciences, Piscataway, NJ, USA).

High-performance liquid chromatograph fingerprintin g

High-performance liquid chromatography (HPLC) wasrfprmed with a Waters 2695 chromatograph system
(Waters, Milford, MA, USA) including a photodioderay detector, an Empower 2 Pro System, and anira-L
Degasser 4 chamber. A reversed-phase Kromasil 40@-Tolumn (250 x 4.6 mm) was used to separate
compounds from DIW. Quantitative analysis usedretyi solvent system of (A) water containing 0.1%tecacid,
and(B) methanol with the following gradient elutid+5 min, 60% A, 40% B; 5-35 min, 60-30% A, 40-7B%
35-40 min, 0% A, 100% B. The injection volume o ttample was 10.0L. The column and oven temperatures
were controlled at 25 and 40°C, respectively. Tloevfrate was kept at 1.0 mL/min and detection @& thvo
compounds (quercetin and kaempferol) was carriecab@60 nm. All solutions, including samples atahdards,
were filtered through a 0.48n membrane before direct injection into the HPLE&tasN.

Human skin primary irritation test

The human skin irritation test for DIW was perfodney Dermapro (Seoul, Korea) based on the Dectaradf
Helsinki principles. Thirty-one healthy female Karesubjects were selected based on inclusion acldiséon
criteria and written consent was obtained in eadecThe average age was 43.8 + 4.3 years (ra6gb03/ears).
DIW formulated with 50% butylene glycol was premhand 30 mL at concentrations of 100 and 200 pgiraie
applied to each subject. The patches (chambersainech in place for 48 h. Irritation readings wemred
according to the criteria of Frosch and Kligman[28jd Personal Care Product Council (PCPC) guieelin

Table 1. Antimicrobial activity of Duchesnea indica water extract (DIW)

Strains Drug-resistance patterns of skin pathogens (MIGimly Mic \Eﬁg/ens]sf Diw

[ CCARM 3709 | susceptible 1250

Staphylococcus epidermidis CCARM 3710 | erythromycin (>32), clindamycin (>16), chlorampheii(64) 3125
CCARM 3711 | tetracycline (>32) N.D.

CCARM 0081 | susceptible N.D.

Propionibacterium acnes CCARM 9009 | clindamycin £64) 156.3
CCARM 9010 | clindamycin £64) N.D.

CCARM 9089 | clindamycin(128), erythromycir(28) N.D

CCARM 3032 | erythromycing128) 78.1

Staphylococcus aureus CCARM 3926 | chloramphenicol(2.0), penicillin(2.0) 78.1
CCARM 3842 | chloramphenicol(4.0), penicillin(8.0) 78.1

Statistical analysis

All tests were carried out in triplicate and resudtre presented as means * standard error of the (8&M) of 3
independent experiments. Statistical comparisohsdsn groups were performed using Student’s t Refgss than
0.05 was considered significant.
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Table 2. Results of the human skin primary irritation test f = 31)

Test Material No. of responders 48h 72h Reaction grade
1+ | 2+ | 3+ | 4+ | 1+ | 2+ | 3+ | 4+ | 48h | 72h | Mean

50% butylene glycol (vehicle control) 2 1° - - - 2 - - - 08 | 1.6 1.2
Negative control 0 - - - - - - - - 0 0 0
DIW (100 pg/mL) 0 - - T -1 -T-1T-7T- 0 0 0
DIW (200 pg/mL) 2 2 - 0 1.6 0.8

#Reaction grade Z[{Grade x no. of responders}/{4 (maX|mum grade) x@dtal subjects)}] x100 x(1/2).

®No reaction.

Fig 1.Antioxidant and elastaseinhibitory activitiesof Duchesnea indica water (DIW) extracts. The antioxidant capacity ofDIW was
measured using the (A) DPPH and (B) ABTS scavengirassays. (C) Inhibition of porcine pancreatic elasse by DIW
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Fig 2. Effects ofDuchesnea indica water (DIW) extracts on melanogenesis of B16F10lzand on mushroom tyrosinase activity. (A)
B16F10 cells (2.0 x 1mL) were pre-incubated for 18 h. The melanin contet in these cells was assayed after further incubiatn with a-
melanocyte stimulating hormone (500 nM) and DIW for72 h at 37C in a 5% CO, atmosphere. Values are the means + SEM of three
independent experiments*P < 0.05; **P < 0.01; **P < 0.001 versus control§) The potential effects of DIW on skin melanin praluction
was determined based on its effects on mushroom tinase activity. DIW increased tyrosinase activitglose-dependently up to 125
pg/mL. No further increases in tyrosinase activitywere seen up to 1000 pg/mL.
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Fig 3. Effects ofDuchesnea indica water (DIW) extracts on nitric oxide production, cell viability, and iNOS expression of
lipopolysaccharide-stimulated RAW264.7 murine macrphages. (A) Cells (1.5 x PimL) were pre-incubated for 18 h. Nitric oxide
production and cell viability were determined in cdls stimulated with lipopolysaccharide (1pg/mL) in the presence or absence of

different concentrations of DIW for 24 h. Values ae the means + SEM of three independent experiment® < 0.05; **P < 0.01; ***P <
0.001 compared to LPS alone. (B) iNOS protein lewelvere analyzed by western blotting.
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Fig. 4. HPLC fingerprinting analysis of Duchesnea indica water (DIW) extracts. (A)Quercetin and kaempferolstandards. (B)Quercetin
and kaempferol were detected in DIW. Detection wadone at a wavelength of 260 nm
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RESULTS AND DISCUSSION

Many studies have shown that natural antioxidanéscosely related with anti-aging effects. Thustiaidant
capacity is widely used as a parameter to chafaetenedicinal plants and natural products. In gtigdy, DIW
extracts were investigated to determine the antigagotential of this plant regarding its DPPH aABTS

scavenging activities. DPPH is a stable free rddiod a change in its color in the presence ofaidants is the
most popular and authentic method of assessingaldcavenging [29]. The DPPH radical possess gaited

electron that is responsible for its visible deepppe color. When DPPH accepts an electron dorayezhtioxidant
materials, it is decolorized and this change cambasured quantitatively by differences in the diesace at 540
nm [30]. In this assay, butylated hydroxytoluenased as a standard antioxidant.
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DIW scavenged DPPH radicals in a concentrationtdéget manner (Fig. 1A). Scavenging activity wasals
expressed as a median inhibitory concentratiogy)Izalue. These results showed that DIW exhibitegh HDPPH
radical scavenging activity with andgf 35.1 pg/mL. This was comparable to BHT(22.2ug/nithe ABTS assay

is also a widely used spectrophotometric assaydé&ermining antioxidant activity. In this assaye thlue/green
ABTS" radical, generated by oxidation of ABTS with psfam persulfate, is reduced in the presence of
antioxidants, and the extent of decolorizationétedmined at a fixed time point [31]. The scaveggaativities of
DIW obtained using the ABTS method ranged from @156 pg/mL) to 98.2% (62.pg/mL)with an 1Gof 19.2
pg/mL (Fig. 1B). This was again comparable to thet® BHT(23.0pg/mL).

Elastin is a protein found in connective tissue thaesponsible for elasticity of the skin anddanThis protein is
degraded by the enzyme elastase, and this degradatireases with age and/or repeated UV-radiatiquosures,
leading to skin aging [32]. Therefore, the elastabébitory activity of DIW was studied in a cellele system. The
inhibitory effects of DIW on porcine pancreatic stse were increased with concentrations up toughoL, with
an 1Gqof 84 pg/mL (Fig. 1C).

Tanning agents and treatments for hair depigmemtagmain cosmetically desirable in many partshef world
and, more importantly, may improve the healthy godthful condition of the human body. Melanin playsole in
protecting human skin from UV radiation. Its syrdiseinvolves several enzymes such as tyrosinasesitase-
related protein-1 (TRP-1), and TRP-2. Tyrosinas¢hés most important enzyme because melanin pramucs
dependent on its expression and activation [33grdtore, this study was conducted to determinetfeet of DIW
on melanogenesis in B16 cells. As shown in FiguBd®y has the ability to stimulate melanogenesiBi6 cells in
a dose-dependent manner. At concentrations of @0, dnd 20Qug/mL, the melanin content was increased by 32,
53, and 172%, respectively. In addition, the calbility assay showed that, up to 200 ug/mL, th&VDixtract was
non-cytotoxic to B16 cells even after 48 h of inatibn (Fig. 2A). We also observed that the increagbe melanin
content was consistent with an increase in mushryoasinase activity in the presence of DIW (Fi@)2These
results showed that DIW has the potential to bel asea tanning agent or as a treatment for haigdemtation.

Many people have acne vulgaris (or simply acnesoate point in their life. It is a long-term skirsdase that can
vary from mild to severe, and can affect the skirtlee face, back, shoulders, and chest. Geneaallgcne pimpled
face is the result of the combined action of slkathpgens and the inflammatory response. Theref@eexamined
whether DIW possessed anti-inflammatory and antiroftial activities against skin pathogens. The itiov
antimicrobial activity of DIW againsP. acnes, S. aureusind S. epidermidiswas assessed by the presence or
absence of inhibition zones on cultured plates, gatdrmination of the MIC values. The MIC was relemt as the
lowest concentration of DIW that inhibited visibrowth. As shown in Table 1, DIW exhibited moderate
antibacterial activity against drug-susceptible aredistanP. acnes, S. aurepandS. epidermidis

We next examined whether DIW had anti-inflammatactivity. To investigate the effect of DIW on NQOopluction,

we measured the accumulation of nitrite, a stakidized product of NO, in mouse macrophage RAW 26lls

stimulated with LPS for 24 h in the presence oreabs of DIW. Nitrite levels in LPS-stimulated ceitereased
significantly compared to control cells (Fig. 3AIW (50, 100, 200, and 400g/mL) markedly inhibited LPS-
induced NO production in a dose-dependent manier.nimbers of viable activated macrophages weraltered

by DIW at any concentration, as determined by tAeTMssay. This indicated that the inhibition of N¢hthesis by
DIW was not simply due to cytotoxic effects.

DIW effectively attenuated the expression of thiiaimmation-mediating enzyme, inducible nitric oxiggnthase
(INOS), at the protein level, in a concentratiopeiedent manner (Fig 3B). Therefore, we suggestihat may be
an attractive ingredient for diminishing skin inflanation such as occurs with acne vulgaris and abgimatitis.

Chromatographic methods (for example, HPLC fingetjimg) can be used to identify the active ingretseof
traditional oriental medicines. In the natural cligny area, interest in HPLC fingerprint analyséshincreased, not
only in Asia, but also around the world. Therefaaesimple HPLC fingerprint was developed. Becauseragtin
and kaempferol have been reported as effectiveirftdimmatory ingredients in the Duchesnea plain¢ytwere
used as standard substances. Using HPLC fingangimjuercetin and kaempferol were resolved from EHW
extract with excellent peak shapes. The quercetihkaempferol contents in the DIW extract were2mnd@ 12.0
ug/mL, respectively (Fig. 4).

Finally, to assess the application of DIW as a atringredient, we performed the primary skintation test on

human skin. Human patch tests revealed that théicappn of DIW (1%) did not induce any severe acbee
reactions (Table 2).
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CONCLUSION

This is the first study investigating the antioxitlaanti-elastase, anti-acne, and hyper pigmergaiiyity of DIW.
The free radical scavenging and elastase inhibigatyvities of theD. indica extract suggest that they can help
restore skin elasticity and thereby slow the wiimilprocess. DIW also promoted melanin productiomelanoma
cells, and stimulated mushroom tyrosinase activityjich showed its potential utility in preventingaih
depigmentation. In addition, DIW showed excellentilzacterial activities againd®. acnes, S. aureusand S.
epidermidis which are acne-causing bacteria. DIW had exceltse-dependent inhibitory activities of NO
production in macrophage RAW cells. These resuitlicated that DIW may be an attractive acne-miiigat
candidate for topical application. Finally, to tés¢ application of DIW as a cosmetic ingredier®Li€ fingerprint
and human patch tests were successfully performedis study with no evidence of toxicity. In coasion, DIW
may be practically applicable as a functional casmegredient. However, further work is neededdentify the
active compound(s) and its mechanisms.
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